Abstract. Aluminum-substituted barium hexaferrite (BaM) that have the general formula of BaFe 12-x Al x O 19 (x: 0, 1, 2, 3, 4, and 5) was obtained through the process of solid state reaction. The samples of Aluminum-substituted barium hexaferrite (BaM) were characterized using XRD to determine the phase structure, and by Raman Spectroscopy to know the chemical composition and structure. The single phase was obtained for the samples x = 0 -4 from the weight percentage of the phase, and the other phase i.e. Al 2 O 3 and BaO have been achieved for the sample x = 5. The characterization of Raman spectrum on Aluminum-substituted barium hexaferrite (BaM) has been carried out using Bruker SENTERRA instrument. The presence of sharp peaks corresponded to A 1g mode shows the possibility of Al substitution in the barium hexaferrite system without any distortion in crystal symmetry. It is also observed that the substitution of A l in the BaFe 12 O 19 system leads to an increase in the intensity of resonance band when compared with the parent compound, which indicates a large polarizability variation during the vibrations in the Aluminum-substituted BaFe 12-x Al x O 19 compounds.
Introduction
Since the discovery in 1930, hexagonal ferrite or hexaferrite is very interesting for developed.. Hexaferrite materials are materials that are crucial both commercially and technologically, which is marked by the global fabrication of magnetic material for many kinds of applications and uses of these materials. Barium hexaferrite is often applied as a permanent magnet for the applicationsof magnetic recording material (recorder), data storage (hard drive), and a component in electronic devices (sensor), as well as an electromagnetic wave absorbing material [1] .
Hexagonal ferrites family are aunique materials that divided into six types, namely M-type (BaFe 12 ) , where Me can be inserted with the elements of Sr, Co, Ni, or Zn. All hexaferrite families have ferromagnetic properties. Principally, the magnetic properties of hexaferrite family are associated with the crystal structure because hexaferrite has Magnetocrystalline Anisotropy (MCA), which means the magnetization has a tendency towards the orientation in the crystal structure [2] . One of the ferrite families that attract interest from many researchers in the last few decades is the family of M-type hexaferrite (BaFe 12 O 19 ), which has the empirical equation of BaO.6 (Fe 2 O 3 ). This compound is very cheap and easy to be produced because of its more simple chemical formula than those of other materials in hexaferrite family. The bafe12o 19 compound has a high electrical resistivity of about 108 Ω cm, a high uniaxial magnetic anisotropy along the c axis, and a high magnetic saturation value that can potentially be applied as a permanent magnet [3] [4] . In crystallography, BaFe 12 O 19 has a hexagonal crystal structure, with a space group of P 63/mmc (194) and lattice parameters of a = b = 5.9291 Å and c = 23.4070 Å [5] .
In the progress of research developments, the BaFe 12 O 19 compound is often modified in such a way for further purposes and different applications, such as for absorption of electromagnetic waves in a high frequency (GHz scale), as the radar absorption material, whether in the field of health or stealth technology [6] . In such applications, Barium Hexaferrite is often substituted with other ions. Several studies have been focused on the ion substitution by Fe 3+ , which is the only ion that has a magnetic moment, by recombination with other ions that can give an effect to the magnetic properties of the material. Such material is required to have permeability and permittivity with ratios appropriate [7] for the applications as an absorption of the electromagnetic wave. Barium Hexaferrite has a quite high level of permeability and permittivity. Engineering material is needed by substituting the Fe 3+ magnetic ion with a non-magnetic ion, such as Al 3+ [8] [9] to improve the absorption ability. In this research, we developed the Al 3+ ion-substituted barium hexaferrite to obtain the formula of barium hexaferrite that has high permeability and permittivity, and also good absorption ability for the application as an absorbing material for an electromagnetic wave in order to prepare raw materials of anti-radar paint. In accordance with this entire research, this report was based on the analysis of the Xray diffraction pattern and the crystal structure of the material using the Rietveld method to obtain the accurate crystal structure from the sample, by replicating the crystal structure that already existed in the database so that it complied with the diffraction pattern observation using least squares contained in GSAS-EXPGUI software. Furthermore, an analysis using Raman Spectroscopy to know the chemical composition and structure was also conducted.
Material of Barium Hexaferrite
The M-type of Hexagonal Ferrite, with the general formula of BaO.6Fe 2 O 3 , has a lattice constant of a = 5.89 Å and c = 23.19 Å in a hexagonal closed packed of crystal system, which is composed of Oxygen and Barium with Fe in octahedral (12k, 4f2 and 2a), tetrahedral (4f1), and bipyramidal trigonal / hexagonal (2b). Fe cation is a single source of the magnetic moment in this system, which have an upward spin direction in the positions of 12k, 2a, and 2b, and have a downward spin direction [10] in the position of 4f1 and 4f2, as shown in Figure 1 , and so on) was hexagonal with a space group of P 63/mmc, consisting of 4 blocks with the symbols of S, S*, R, and R* as shown in Figure 1 . Oxygen atoms stacked covered with Ba and Fe atoms in an interstitial place. There are 10 layers of oxygen atoms along with the c axis and Fe atoms located at five different places in crystallography [10] .
Among the twelve ions of Fe 3+ in the formula unit, Fe atom in the position of 4f1 is coordinated tetrahedrally with oxygen, while the Fe atom in the position of 2b was coordinated with five oxygen ions. There is a short distance of Fe-Fe in the structure, and the distance of Fe-Fe Å at the position of 4f2 was ±2.7. Fe ions in the position of 12k of a network with each Fe connected with four ions of another Fe in the same layer [10] .
In the form of spin, one ion in the 2b layer on the R block was pointing upwards, and two ions of octahedral led down, and seven octahedral ions on the block S led down. Because each of Fe 3+ ion contributed 5 B at absolute zero of magnetic moment, the total magnetization at zero temperature can be calculated. As known, eight Fe 3+ ions have an upward spin, and four ions have a downward spin, which resulted in four Fe 3+ ions with an upward spin. Therefore, the total magnetization per unit molecule is (1 -2 + 7 -2) x5 B = 20 B [10] . 
Aluminum Substituted Barium Hexaferrite
The combination of the intrinsic magnetic properties and electrical properties of such Ferrite are placing a magnetic material of Ferrite as a buffer of electromagnetic waves, especially in micro scale, including the waves with frequencies used in Radar [12] . Nevertheless, the modification by ion substitution is often carried out to increase the non-magnetic permittivity properties so that it can add higher frequency of the power absorption. For example as reported by Priyono & Azwar by substituting Ti 4+ and Mn 2+ with Fe 3+ inside the material of Barium Hexaferrite [12] . Evidently, the power absorption of electromagnetic waves could be increased higher than before the substitution. In addition to the substitution of Fe 3+ ion, substituting Sr 2+ ion with Ba 2+ ion was also reported and resulting in a more maximum absorption power [7] .
The studies on the substitution of various cations with the crystal structure of Barium Hexaferrite have indicated that it can change the magnetic properties. , which led to the collapse of magnet collinearity in the crystal lattice structure of Barium Hexaferrite [14] . pattern measurements with pattern calculation. The advantage of such pattern calculation is when there is an occurrence of an error that is caused by an intensity deviation in an imperfect model structure, it will tend to leave the remaining intensity, both negative and positive.
Experimental Method

Rietveld refinement method
The basic principle of Rietveld analysis is to match (fitting) the peak profile of the calculation with the peak profile of the observation. The profile matching (fitting) is carried out by applying the procedure of a nonlinear least square calculation. Expressed as a minimum objective function as follows:
is weighting factor, i.e. [ ( )] that equal FWHM, ( ) is the intensity obtained from observation, and ( ) is the intensity obtained from calculations [15] . The intensity value of profile diffraction pattern at certain positions of Bragg angle can be calculated after correction by entering a function of scale, profile, and background, that is:
Where ( ) is the intensity taken from calculation, s is scale factor, F is structure factor, p is the multiplicity factor, ( ) is Lorentz-polarization factor, M is temperature factor, ( ) is geometry factor (function profile: Pseudo-Voigt), ( ) is function of background [16] .
Degrees of Conformity
To determine the success of a smoothing, it needs a standard value which indicates the quality of the smoothing. In GSAS use least square smoothing that is indicated by some residual function, which is set in a particular way in each histogram.
Software GSAS-EXPGUI
GSAS stands for General Structure Analysis System created by R.B. Von Dreele and A.C. Larson. This program is based on the Rietveld smoothing method. GSAS is a set of programs for processing and analyzing single crystal diffraction data and powder obtained by the characterization of x-ray diffraction. GSAS can handle data of powder diffraction pattern from phase mixture by softening the structure parameters of each phase. The collected data that are ready to be input into the EXPGUI GSAS will be processed through qualitative and quantitative analysis by Rietveld smoothing method.
Preparation of Powder Materials of BaAl x Fe 12-x O 19 (x: 0 -5)
The powder materials of BaAl x Fe 12-x O 19 (x: 0 -5) used for characterization by XRD (SHIMADZU 700 XRD) and Raman Spectroscopy have been prepared through the process of synthesis using basic powder materials of BaCO 3 , Fe 2 O 3, and Al 2 O 3 . The synthesis process was performed by solid state reaction method using HEM (High Energy Milling) equipment for 7 hours, which consist of 5-hour milling and 2-hour break, and then the powder materials were burnt for 5 hours at a temperature of 1000 o C.
Characterization of Raman Spectra
The samples were characterized using Raman Spectrometer (Bruker SENTERRA) for microstructural analysis. The Raman Spectroscopy system employed in this study consisted of 1 mW -100 mW lasers with 785 nm wavelength, single grating 0.5 m spectrometer single grating, charged -coupled device (CCD) detector, and holographic optics. A spectrum range of 400 to 1800 cm -1 at room temperature was examined in this study using a grating of 1800 grooves/mm. A 60-minute exposure time was used for recording the Raman spectrum. Figure 2 shows the XRD pattern of the samples, which is a modification of the Barium Hexaferrite system by the addition of Al element into Fe with variations of x = 0, 1, 2, 3, 4 and 5. The XRD results of Barium Hexaferrite samples showed that the suspected different phase came after the addition of Al into Fe. A further phase identification is required concerning the COD. Phase identification of raw data was carried out by using software of XRD Match! 2 that refer to COD based on the information of peak position and intensity as shown in Figure 2 .
Results and Discussion
XRD Pattern
From the matching peak using software for further identification, the phase of BaFe 12 O 19 , BaAl 2.18 Fe 9.82 O 19 , Al 2 O 3 , and BaO were obtained, which respectively refer to the research findings of Obradors et al. [5] at a ground state level (x = 0), Sandiumenge [8] for x = 1 -5, and Wang et al. [17] and Wyckoff et al. [18] for the additional phase at x = 5.
After the information phases from peak matching using software have been obtained, then a further analysis was carried out to determine the effect of Al substitution on the crystal structure of Barium Hexaferrite. To analyze the pattern of XRD and to find out more information about crystallography from the samples, the Rietveld smoothing method with the help of software GSAS-EXPGUI was needed. Samples x = 0 is the ground state of the system Barium Hexaferrite, without any substitution of Al 3+ ion. Rietveld refining results are illustrated in the form of the red plot for data calculation and green for observation data, along with the blue curve after subtraction of the background function, as shown in Figure 3 .
The results of smoothing have a matching degree that is convergent. Therefore it is believed that there was a single phase of Barium Hexaferrite at x = 0. The crystallographic information and the level of compatibility are shown in Table 1 . As for the case of x = 1 to 4 (see Table 2 - Table 6 ), no significant changes occurred. It indicated that after the addition of Al 3+ ion does not form another phase and overall well-substituted with barium hexaferrite into the system. The lattice parameters decreased compared with the sample x = 0. The larger the value of x, the greater the decline in the value of the lattice parameter, and the value of Al 3+ ion population factor (Factor R) was also gradually increasing. Many ion Al 3+ substituted for Fe 3+ in position 2a, followed on 12k, 2b, 4f1, and 4f2. While the sample x = 5, very different results than x = 0 -4 is obtained, and also other phases of BaAl 2.18 Fe 9.82 O 19 , namely Al 2 O 3 and BaO were gained. Also, the sample x = 5 is also not a single phase. The lattice parameter in the sample x = 5 does not decline significantly as x = 0 -4, the increase of the value of Al 3+ ion population factor is not significant anymore, but it is not much different from the sample x = 4.
Raman Spectra
All peaks in the spectra are single phases of BaFe 12 O 19 , with no presence of any additional phase or an impurity. Since the laser power is limited, 10mW, no transformation of the compound into other phases or degradation was observed.
The peaks at 713 and 684 cm -1 can be assigned to A 1g vibrations of Fe-O bonds at the tetrahedral 4f1 and bipyramidal 2b sites, respectively. Other peaks at 614, 512, 467, 453 and 317 cm -1 are due to A 1g vibrations of Fe-O bonds at the octahedral 4f2, 2a, and 12k sites, whereas peak at 409 cm-1 is due to A 1g vibration at the octahedral 12k dominated site.
The peaks at 527, 285 and 212 cm -1 were due to E 1g vibrations, while the peak at 335 cm -1 was due to E 2g vibration. The peak at 184 and 173 cm -1 resulted from E 1g vibrations of the whole spinel block. The assignment of Raman spectra to the corresponding lattice symmetries are summarized in Table of 
Conclusion
Substitution of Al 3+ ion by Barium Hexaferrite gave an impact on the changes in crystal structure. The factor of Fe 3+ ion population is slowly taken over by Al 3+ ion in each position. The distances between the atoms became increasingly closer. Lattice parameter values decreased, resulting in decreasing the volume of the unit cell and atomic density. 
